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Introduction
Garlic (Allium sativum L.) is a bulbiferous crop
belonging to the family Alliaceae. It is the second
most widely cultivated crop in the family after
onion (Allium cepa) and contributes 14% of the
world area and 5% of production. Though,
India ranks second in area and production, it
is the lowest as far as productivity is concerned
(5.29 t ha-1). The area and production of garlic
in India during 2010-11 was 2.007 lakh ha and
10.62 lakh t with an average productivity of
5.29 t ha-1. Successful commercial cultivation
of this crop depends up on many factors such
as climate, soil fertility, irrigation, fertilizer
management, spacing, growing season etc.
Application of the required nutrients through
chemical fertilizers alone can have deleterious
effect on soil health and can lead to
unsustainable yields, while integration of
chemical fertilizers with organic manures and
biofertilizers can maintain soil health and soil
productivity (Bhandari et al. 2012). Furthermore,
the increasing concern on the effects of
agrochemicals especially chemical fertilizers on
the environment makes organic manures a safer
and better alternative source of nutrients to
crop (Hamma et al. 2013). Hence, for better
growth, bulb characters and marketable bulb
yield in garlic, integrated use of inorganic and
organic sources of nutrients are preferred (Sevak
et al. 2012). It is in this light that this research
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Abstract
An investigation was carried out to study the combined effect of biofertilizers viz., phosphate
solubilizing bacteria (PSB) and Trichoderma supplemented with FYM and chemical fertilizers on
plant growth and bulb yield of garlic (Allium sativum) under degraded land condition. Significantly
higher values of plant growth and yield parameters were obtained with the application of 100%
recommended dose of NPK supplemented with FYM along with seed treatment with Trichoderma
and PSB. Seed treatment with PSB was effective for all the parameters. However, PSB and
Trichoderma were more effective when applied along with 100% NPK and FYM @ 20 t ha-1. It can,
therefore, be concluded that for sustainable production of garlic, application of recommended
dose of inorganic fertilizer (NPK) supplemented with 20 t ha-1 of FYM coupled with inoculation
of PSB and Trichoderma can enhance yield and profitability of garlic.
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work was carried out to study the effect of
intergrated nutrient management involving
farm yard manure (FYM), biofertilizers and
inorganic fertilizers on the growth and yield
of garlic.
Materials and methods
The present experiment was conducted at the
Aurawan Research Centre of National
Botanical Research Institute, Lucknow. The
climate of this region is primarily long and
intensive hot summer with low and irregular
rainfall and long mild winter. The area receives
an annual rainfall of 80-100 cm, 70% of which
is available during the months of July-
September.
The study involved field experiments for two
consecutive rabi cropping seasons of 2008-09
and 2009-10. The soil of the experimental site
contained 23% sand, 59% silt and 18% clay. The
pH, EC, organic carbon (OC), available
nitrogen (N), phosphorus (P) and potassium
(K) of the soil was 8.6, 0.37 dSm-1, 4.1 g kg-1,
130 kg ha -1, 13.7 kg ha -1 and 368 kg ha -1,
respectively. The  experiment consisted of six
treatments involving an absolute control (T
1
),
100% NPK (100:50:50 kg ha-1) (T
2
), 100% NPK
+ FYM @20 ha-1 (T
3
), 100% NPK + FYM @20 ha-1
+ PSB (T
4
), 100% NPK + FYM @20 ha -1 +
Trichoderma (T
5
) and 100% NPK + FYM @20 ha-
1  + PSB + Trichoderma (T
6
) with four replications
in a randomized block design (RBD).
Garlic seed was used @ 400-500 kg ha-1 for the
experiment. The ripe fruit was used as a seed
for the new crop of garlic. After preparing the
experimental plots, cloves of garlic fruit were
sown in rows. FYM was applied as basal at 10
days before planting. N fertilizer in the form of
urea was applied in three splits viz., half at the
time of sowing, one fourth at active growth
stage and one fourth at the fruit ripening stage.
The recommended doses of P and K fertilizers
were applied through DAP and MOP
respectively, as basal dose. The cloves were
treated with PSB and Trichoderma harzianum as
per treatments at the time of sowing and
planted at a spacing of 15 cm × 10 cm.
The soil pH and EC were analyzed using 1:2
(soil: water) suspension, organic carbon by the
Walkley & Black (1934) rapid titration method,
available N using alkaline KMnO
4
 method
(Subbiah & Asija 1956), available P as per the
method suggested by  Olsen et al. (1954) and
available K using flame photometer (Jackson
1973). The different observations were recorded
in five random plants and the data were
statistically analyzed as per the methodology
suggested by Panse & Sukhatme (1961).
Results and discussion
Effect of PSB, Trichoderma, FYM and NPK on
plant growth
A significant increase in plant growth
parameters viz., plant height, leaf length, root
length and number of leaves was seen under
integrated application of inorganic and organic
manures. This might be due to steady release
of nutrients through out the crop growth
period. The above finding is in conformity with
the reports of Farooqui et al. (2009).
Among the growth parameters, plant height
(60.70 cm) and leaf length (22.43 cm) were
significantly higher under T
6
, where 100% NPK
+ FYM @ 20 t ha-1 + PSB + Trichoderma were used.
This agreed with the findings of Jawadagi et al.
(2012) that plant height and leaf length could
be increased with the application of 50% FYM
(12.50 t ha-1) + 50% vermicompost (2 t ha-1) +
bio-fertilizers (Azospirillum and phosphate
solubalizing bacteria) in garlic. Moreover,
higher number of leaves (9.2) and average root
length (7.84 cm) were requested by the
treatment T
6
, which in turn is in agreement
with the report of Gaiki et al. (2006) that
Azotobacter + PSB + 75% NPK significantly
increased the plant height and leaf number in
garlic. These result clearly indicated that
vegetative growth can be enhanced through
the application of 100% NPK + FYM @20 t ha-1
+ PSB + Trichoderma. The combined application
of Trichoderma and PSB was much more effective
in comparison to independent application of
either of the above. These findings are also
supported by Gowda et al. (2007), who reported
that 100% NPK + biofertilizer + vermicompost
recorded significantly higher plant height,
Nainwal et al.
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number of leaves and a maximum girth of the
plant.
Effect of PSB, Trichoderma, FYM and NPK on
yield of garlic
Treatments receiving only NPK from chemical
fertilizer recorded low yield and yield attributes
compared to the yield obtained by integration
of chemical fertilizers with FYM and
biofertilizers. This might be due to the supply
of nutrients from all the three sources during
the entire growth period of the crop. The
treatments differed significantly with respect to
yield attributes viz., fruit weight, number of
cloves fruit-1, dry matter of whole plant and
bulb yield (Table 1). Obviously the control
treatment where no manures and fertilizer were
applied was significantly poor with respect to
all growth and yield characters. Fruit weight
(52.43 g) and number of cloves fruit-1 (37.66)
were significantly higher under T
6
. However,
fruit weight of garlic through application of
100% NPK + FYM @ 20 t ha-1 + PSB + Trichoderma
(T
6
) was about 59.33%, 14.72%, 12.97%, 2.23%
and 4.27% higher compared to treatments viz.,
T
1
, T
2
, T
3
, T
4
 and T
5
, respectively. The total dry
matter also showed significant differences
among treatments with maximum plant dry
matter in T
6
 (53.28 g). Similarly, bulb yield
(60.86 q ha-1) was also maximum with T
6
. The
above finding corroborated with the reports of
Jawadagi et al. (2012), Gowda et al. (2007) and
Gaiki et al. (2006) that integrated application of
chemical fertilizers, organic manure and bio
fertilizers can significantly improve both bulb
character and bulb yield including B:C ratio in
garlic.
Effect of PSB, Trichoderma, FYM and NPK on
chemical properties of the soil
Owing to the nature and the pattern of
mineralization, combined use of organic
manures improved the physico-chemical
properties of the soil rather than application of
only inorganic fertilizers. Among all
treatments, T
6
 showed the best result. Organic
matter status of soil was improved with
application of FYM and chemical fertilizer.
Application of FYM @ 20 t ha-1 was also effective
in marginally increasing the OC status of the
soil from 4.1 g kg-1 to 4.3 g kg-1 (Table 2).
Maximum available N (163 Kg ha -1) was
observed under the treatment receiving 100%
NPK + FYM @20 t ha-1 + PSB (T
4
). The increase
in the availability of N in soil under the
treatments having combination of chemical
fertilizers and FYM might be because of buildup
of organic matter due to application of organic
manure, besides reducing losses of N. Similar
observations were made by Sharma & Ghosh
(2000). Maximum available P (22.2 kg ha-1) and
K (368 kg ha-1) was registered in the treatment
Table 1. Effect of phosphate solubilizing bacteria, Trichoderma, FYM and NPK on growth and yield of
garlic (mean data of two years)
Plant Leaf Root No. of Fruit No. of Dry matter
Treatments height length length leaves weight cloves whole plant Yield
(cm) (cm) (cm) plant-1 (g) plant-1 (g) (q ha-1)
T
1
29.6 5.02 2.14 4.9 21.32 28.52 17.63 26.87
T
2
50.5 12.31 3.45 7.1 44.71 32.91 39.58 50.44
T
3
55.6 19.37 4.32 8.2 45.63 34.12 40.19 56.82
T
4
59.8 21.29 6.62 8.5 51.26 36.74 47.40 59.46
T
5
57.5 20.39 4.58 8.3 50.19 35.82 43.62 58.24
T
6
60.7 22.43 7.84 9.2 52.43 37.66 53.24 60.86
SEm± 1.74 0.51 0.33 0.41 0.54 0.28 0.84 1.04
CD (P<0.05) 3.72 1.09 0.71 0.87 1.16 0.66 1.79 2.21
T=ton; FYM=Farmyard manure; PSB=phosphate solubilizing bacteria
INM in garlic
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in which 100% NPK + FYM @20 t ha-1 + PSB +
Trichoderma (T
6
) was applied.
Overall, it can be concluded from the present
study that in sodic soil, integrated nutrient
management practice involving recommended
dose of inorganic fertilizer along with FYM@
20 t ha-1 and PSB and Trichoderma would be
effective in increasing the plant growth and
productivity of garlic besides improving the
physico-chemical properties of soils.
Acknowledgements
Authors are grateful to Director, CSIR-
National Botanical Research Institute,
Lucknow for encouragement and help.
References
Bhandari S A, Patel K S & Nehete D S 2012 Effect of
integrated nutrient management on
growth, yield and quality of garlic (Allium
sativum L.) cv. GUJARAT GARLIC-3. The
Asian J. Hort. 7: 48-51.
Farooqui M A, Naruka I S, Rathore S S, Singh P P &
Shaktawat R P S 2009 Effect of nitrogen
and sulphur levels on growth and yield
of garlic (Allium sativum L.). As. J. Food Ag-
Ind. Special Issue S18-23.
Gaiki U R, Jogdande N D, Dalal S R, Nandre D R &
Ghawade S M 2006 Effect of bio fertilizers
under reduced doses of inorganic
fertilizers on growth and yield of garlic.
Pl. Arch. 6: 367-368.
Gowda M C, Vijayakumar M & Gowda A P M 2007
Influence of integrated nutrient
management on growth, yield and quality
of garlic (Allium sativum L.) cv. G-282. Crop
Res. Hisar 33: 144-147.
Hamma I L, Ibrahim U & Mohammed A B 2013
Growth, yield and economic performance
of garlic (Allium sativum L.) as influenced
by farm yard manure and spacing in
Zaria, Nigeria. J. Agril. Econ. Develop. 2:
1-5.
Jackson M L 1973 Soil Chemical Analysis. Prentice
Hall of India Pvt. Ltd., New Delhi, p.497.
Jawadagi R S, Basavaraj N, Hemla N B, Patil B N
& Channappagoudar B B 2012 Effect of
planting geometry and organic sources
of nutrients on growth, yield and quality
of rabi onion cv. Bellary red. Karnataka J.
Agri. Sci. 25: 236-240.
Olsen S R, Cole C V, Watanabe F S & Dean L A 1954
Estimation of available phosphorus in
soils by extraction with sodium
bicarbonate. USDA, Circular 939: 19.
Panse V G & Sukhatme P V 1961 Statistical
Methods for Agricultural Workers. Indian
Council of Agricultural Research, New
Delhi, pp.166-173.
Sevak K, Patel N M, Bhadhauria H S & Wankhade
V R 2012 Effect of integrated nutrient
management on quality of garlic (Allium
sativum L.). Intl. J. Forest. Crop Improv. 3:
147-148.
Sharma A R & Ghosh A 2000 Effect of green
manuring with Sesbania aculeata and
nitrogen fertilization on the performance
of direct seeded flood prone low land rice.
Nutr. Cycl. Agroecosys. 57: 141-53.
Subbiah B V & Asija G L 1956 A rapid procedure
for the estimation of available nitrogen
in soils. Curr. Sci. 25: 259-260.
Walkley A & Black C A 1934. Estimation of organic
carbon by chromic acid and titration
method. Soil Sci. 37: 28-29.
Table 2. Changes in soil properties after harvest of the garlic (mean data of two years)
EC O.C. Avail. N Avail. P Avail. K
(dS m-1) (g kg-1) (kg ha-1) (kg ha-1) (kg ha-1)
T
1
8.6 0.32 4.0 108 13.1 335
T
2
8.5 0.30 4.1 131 14.2 349
T
3
8.4 0.24 4.3 153 15.7 353
T
4
8.4 0.25 4.3 163 18.2 362
T
5
8.4 0.24 4.3 155 18.6 366
T
6
8.4 0.24 4.3 162 22.2 390
Initial 8.6 0.37 4.1 130 13.7 368
Treatments pH
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